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Transesophageal Doppler color flow imaging was per-
formed in 19 adult patients (mean age 35 years) with
an atrial septal defect demonstrated by cardiac catheteri-
zation or at surgery, or both. The transesophageal study
correctly identified and classified 19 of 19 shunts in con-
trast to 16 of 18 shunts identified by the transthoracic
approach. The area of the atrial septal defect was cal-
culated by assuming it to be circular and taking the
maximal Doppler color flow jet width at the defect site
as its diameter. The pulsed Doppler sample volume was
placed parallel to the shunt flow direction at the defect
site to obtain the mean velocity and flow duration. From
these values, the shunt volume was calculated as a product
Transthoracic two-dimensional echocardiography and con-
ventional Doppler color flow mapping studies have been
extensively used to assess adult patients with congenital
cardiac defects such as atrial septal defect (1). However, the
transthoracic approach is of limited value in patients with
poor acoustic windows. In addition. certain defects such as
the sinus venosus type of atrial septal defect and associated
anomalous pulmonary venous drainage are frequently not
amenable to diagnosis by this technique. Recently trans-
esophageal echocardiography was developed to circumvent
some of the limitations of the transthoracic approach. This
promising technique provides high quality images of struc-
tures such as left atrium. left atrial appendage, mitral valve,
pulmonary veins, descending thoracic aorta. aortic valve
and interatrial septum because of the close proximity of
these structures to the esophagus. which facilitates the use
of a high frequency. high resolution transducer (2). The
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of the defect area, mean velocity, flow duration and heart
rate.
The calculated shunt flow volume obtained by trans-
esophageal study showed a good correlation with shunt flow
volume (r = 0.91, p < 0.001) and pulmonary to systemic
blood flow ratio (r = 0.84, p < 0.001) obtained at cardiac
catheterization. The size of the defect by transesophageal
Doppler color flow mapping correlated fairly well with the
size estimated at surgery (r =0.73, P =0.004). It is
concluded that transesophageal Doppler color flow imaging
is useful in the detection and classification of atrial septal
defects and in the assessment of shunt volumes.
(1 Am Coli CardioI1990;16:10LO-6)
purpose of this study was to examine the usefulness of
transesophageal echocardiography in the diagnosis. classifi-
cation and assessment of the shunt volume in adult patients
with an atrial septal defect.
Methods
Study group. Nineteen adult patients with a congenital
atrial septal defect documented at cardiac catheterization or
at surgery. or both. formed the basis of this study. The study
group comprised 10 women and 9 men aged 16 to 75 years
(mean 35). Thirteen of the 19 patients had an ostium secun-
dum. 3 an ostium primum and 3 a sinus venosus atrial septal
defect (of the superior type in relation to the superior vena
cava in two and of the inferior type in relation to the inferior
vena cava in one) (3). One patient with a sinus venosus atrial
septal defect had associated anomalous right upper pulmo-
nary veins draining into the right atrium. The diagnosis was
proved by both angiography and surgery in II, by surgery
alone in 6 and by angiography alone in the remaining 2
patients (one ostium primum and one ostium secundum
defect) . Fourteen of the 19 patients were studied at the
University of Alabama Medical Center and the remaining 5
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patients were studied at the Tri Service or Veteran General
Hospital in Taiwan.
The associated findings included mitral valve prolapse
with mild mitral regurgitation (six patients), moderate left
and right atrioventricular (AV) valve incompetence (two
patients with ostium primum atrial septal defect), docu-
mented coronary artery disease (three patients), a mild form
of Ebstein's anomaly (one patient) and mild stenosis of the
proximal right pulmonary artery (one patient). The systolic
pulmonary artery pressure was s51 mm Hg in 15 of 18
patients who underwent cardiac catheterization and 60, 70
and 74 mm Hg, respectively, in the remaining 3 patients (2
with an ostium secundum and I with an ostium primum atrial
septal defect).
Echocardiographic Studies
Transesophageal echocardiography. After informed con-
sent was obtained, transesophageal echocardiography with
Doppler color flow imaging was performed with a commer-
cially available system (Hewlett-Packard 77020A, 77760A or
Aloka 870) using a 5 MHz phased array probe. In nine
patients the study was performed intraoperatively. The
probe was gently introduced into the esophagus immediately
after induction of anesthesia and angled and moved to obtain
various planes through the heart. In the remaining 10 pa-
tients transesophageal echocardiography was performed as
an outpatient procedure. The patients were asked to fast for
2:6 h before the procedure. At the time of the test intrave-
nous diazepam was given in small graded doses in 3 of 10
outpatients until an anxiolytic effect was obtained (total dose
between 2 and 5 mg); in 7 of the 10 patients no sedation was
used. The pharynx was then sprayed with 20% benzocaine to
suppress the gag reflex and the patient was placed in the left
lateral decubitus position with the chin flexed toward the
chest. The patient was asked to swallow the probe after its
tip was guided into the pharynx. The probe was then gently
advanced into the esophagus and manipulated to obtain
different cardiac planes.
Diagnosis and classification of atrial septal defect. In
all patients the four chamber plane was obtained in the
standard manner and the transducer tilted to orient the
interatrial septum horizontal and perpendicular to the ultra-
sound beam (2). An atrial septal defect was diagnosed if
a consistent discontinuity was observed in the interatrial
septum with flow signals moving from the left atrium to the
right atrium through it. The defect was classified as sinus
venosus, ostium secundum or ostium primum if it was
located superiorly or inferiorly in the region of the entrance
of the superior or inferior vena cava into the right atrium, in
the middle of the atrial septum in the region of the fossa
ovatis (identified as a thinner central portion of the atrial
septum) or in the basal portion of the atrial septum near the
attachment of the AV valves, respectively (\) (Fig. I).
Next, the transducer was tilted to the left side and then to
the right side to view the entrance of the left and right
pulmonary veins into the left atrium. Anomalous pulmonary
venous connection was diagnosed if any of the pulmonary
veins were seen opening into the right atrium.
Assessment of shunt volume (Fig. 2). This was obtained
by using the standard Doppler equation for calculating
volume of flow and assuming the defect to be circular as
follows: Qp - Qs =0 AVT x HR/I,ooo, where Qp - Qs =
blood flow through the pulmonary artery (Qp) minus sys-
temic flow through the aorta (Qs), or the net shunt flow
volume (liters/min), A = area of the atrial septal defect
(7TD2/4, where D = diameter in centimeters of defect taken
as the maximal color jet width at its site in the interatrial
septum), V = mean velocity of the shunt flow (cm/s), T =
flow duration (s) and HR = heart rate (beats/min).
A pulsed Doppler sample volume was placed parallel to
the flow direction in the area of brightest or aliased color
flow signals at the defect site and the Doppler spectral trace
was recorded at a speed of 50 mm/s. The mean velocity was
obtained with planimetry of the Doppler spectral trace over
one cardiac cycle and the time of flow was measured off-line
with a cardiac analysis system (Nova Microsystems). An
attempt was made to calculate any right to left shunt flow in
addition to the left to right shunt flow. The net shunt flow
was calculated as the difference between the left to right and
the right to left shunt flows.
Transthoracic echocardiography. Transthoracic echocar-
diography with Doppler color flow imaging was performed
with a commercially available system (Aloka 870, Toshiba
SSH-160A, Hewlett-Packard 77020A or Advanced Technol-
ogy Laboratories Ultramark 9) using a 2.5 MHz phased array
transducer in 18 of the 19 patients. In the remaining patient
transthoracic echocardiography was not performed.
An attempt \l'as made to scan the interatrial septum in
multiple echocardiographic planes including apical, subcos-
tal and left and right parasternal planes for the presence of
Doppler color flow signals moving from the left into the right
atrium. The atrial septal defects were classified in relation to
their anatomic position, as described for transesophageal
echocardiography (\). An attempt was made to assess pul·
monary venous connections.
Cardiac catheterization and angiography. Cardiac cathe-
terization was carried out in 18 of the 19 patients who
underwent transesophageal echocardiography. The remain-
ing patient underwent surgery on the basis of echocardio-
graphic findings alone. In 12 of 18 patients <30 days elapsed
between the performance of cardiac catheterization and
transesophageal echocardiography, in 2 of 18 patients be-
tween 30 to 50 days and in the remaining 4 patients >50
days. No evidence was present to suggest any change in the
clinical status of the patient between the two tests. Pressure
and oxygen saturation measurements were made at various
sites in the left and right heart chambers in the standard
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manner (4). Volumetric blood flow through the pulmonary
artery (Qp) and aorta (Qs) were measured in all 18 patients
using standard oximetry and the Fick principle. The shunt
flow volume (Qp - Qs) and the ratio of pulmonary to
systemic blood flow ratio (Qp/Qs) were calculated from the
aforementioned data. Angiography was performed in 13 of
18 patients by injecting the contrast agent into the main
pulmonary artery or right upper pulmonary veins, or both, in
anteroposterior, lateral and 60° to 70° left anterior oblique
views to determine the type of atrial septal defect and
pulmonary venous connections (4).
Surgery. Seventeen of the 19 patients underwent sur-
gery, 16 for repair of the atrial septal defect alone and I for
repair of this defect and correction of anomalous right upper
pulmonary venous drainage. One patient with an ostium
primum defect refused surgery and another with an ostium
secundum defect is awaiting surgery.
During surgery the location of the atrial septal defect and
the site of the connections of the pulmonary veins were
defined by the surgeon. The maximal size of the defect in the
Figure 1. Transesophageal Doppler color flow mapping in atrial
septal defect. Aand B, Sinus venosus atrial septal defect (ASD). The
defect is present in the superior portion of the interatrial septum
(lAS). Left to right shunting is indicated by flow signals moving from
the left atrium (LA) into the right atrium (RA) through the defect
(0). B demonstrates the entrance of an anomalous pulmonary vein
(APV) into the right atrium (RA). C, Ostium secundum atrial septal
defect. The large defect is present in the middle of the interatrial
septum. Note the presence of an intact interatrial septum both
superiorly and inferiorly. Bluish green signals are seen moving from
the left atrium into the right atrium through the defect. D. Ostium
primum atrial septal defect (partial atrioventricular [AV] canal
defect). The defect is present in the basal portion of the interatrial
septum with no intact septum separating it from the attachment of
the AV valves. Red signals represent flow toward the transducer.
blue signals away from it and green signals indicate turbulent flow.
AO = aorta: IVS = interventricular septum: LV = left ventricle:
MV = mitral valve; RV = right ventricle: TV = tricuspid valve.
atrial septum was also estimated by the surgeon in 13 of the
17 surgically treated patients.
Statistical analysis. All the data were analyzed using the
standard statistical method of regression analysis.
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Figure 2. Transesophageal Doppler color flow mapping-guided
pulsed Doppler estimalion of shunt volume in atrial septal defect.
The maximal Doppler color flow jet width in centimeters at the
defect site was taken as the diameter (0) of the defect. which was
assumed to be circular. The area of the defect was calculated using
the formula nf)2/4. The mean velocity of the shunt flow (V) in
centimeters per second across the defect and the flow duration (T) in
seconds were obtained by placing the pulsed Doppler sample
volume (SV) at the defect site in the area of brightest or aliased color
flow signals and parallel to the flow direction and then applying
planimetery to the Doppler spectral trace so obtained over one
cardiac cycle. The shunt volume (liters/min) across the defect was
calculated as a product of the area of the defect. mean velocity. flow
duration and heart rate (beats/min) and dividing this by 1,000. The
diameter of the defect in the patient shown in this figure (an 18 year
old white man with a large ostium secundum atrial septal defect) was
2em. mean shunt flow velocity 60 cm/s, flow duration 0.5 s and heart
rate 95 beats/min. His shunt volume was calculated as follows:
(77D2/4) x V x T x HRlI,OOO = 3.14 x (4/4) x 60 x 0.5 x 95/1.000
= 8.95 liters/min. Abbreviations as in Figure 1.
Results
Detection and Site of Shunt (Fig. I)
Transesophageal echocardiography. A correct diagnosis
of the presence and type of shunt was made in all 19 patients
(100%) with a proved atrial septal defect; 13 patients were
found to have an ostium secundum. 3 a sinus venosus and 3
an ostium primum atrial septal defect. In one patient with a
sinus venosus atrial septal defect and anomalous right upper
lobe pulmonary venous drainage. transesophageal echocar-
diography also correctly identified the opening of the anom-
alous pulmonary vein into the right atrium (Fig. IB).
Transthoracic echocardiography. A correct diagnosis of
the presence and type of shunt was made in 16 (88%) of 18
patients with a proved atrial septal defect. All ostium secun-
dum and ostium primum defects were correctly identified
and classified. However. the diagnosis was incorrect in two
of the three patients with a sinus venosus defect. In one of
these two, a localized area of high flow velocity in the right
atrium in the vicinity of the posterosuperior portion of the
interatrial septum raised the suspicion of a shunt but no atrial
septal defect was visualized by transthoracic echocardiog-
raphy. The second patient, found to have a sinus venosus
defect at surgery, was diagnosed as having an ostium secun-
dum atrial septal defect by the transthoracic technique; also,
in this patient associated anomalous right upper pulmonary
venous drainage was not identified by this technique. Thus,
unlike transesophageal echocardiography, transthoracic
echocardiography missed the diagnosis of an atrial septal
defect in one patient with a sinus venosus defect and
misdiagnosed a sinus venosus defect as an ostium secundum
defect. Also, the associated anomalous right pulmonary vein
in the latter patient could not be identified.
Shunt Flow Volume
The shunt volume could be calculated in 17 of 19 patients
studied by the transesophageal technique; in 2 it could not be
calculated. In one of these two, the pulsed Doppler sample
volume could not be placed parallel to the flow through the
inferior type of sinus venosus atrial septal defect even
though the transducer was moved and angled in various
directions. In the other patient. also with a sinus venosus
defect (superior type). the pulsed Doppler sample volume
could be placed parallel to the flow through the defect, but it
could not be placed parallel to the flow in the associated
anomalous pulmonary vein. thereby precluding estimation of
the flow volume carried into the right atrium by the anoma-
lous vein. Thus. the total shunt flow volume (flow through
the defect plus flow through the anomalous vein) could not
be calculated and correlated with cardiac catheterization
results.
Shunt direction. The shunt was predominantly left to
right in all 17 patients as assessed by both transesophageal
echocardiography and cardiac catheterization. An associ-
ated right to left shunt during the isovolumetric periods was
noted by transesophageal echocardiography in 6 of 17 pa-
tients. Calculated shunt flow was 1.2, 0.5 and 0.1 liter/min,
respectively. in three patients and too small to be measured
«0.1 liter/min) in the remaining three patients. No right to
left shunt was noted by transesophageal Doppler color flow
imaging in the remaining II of 17 patients. On the other
hand. a right to left shunt was noted by cardiac catheteriza-
tion in only one patient and shunt flow was 0.6 liter/min.
which compared favorably with a value of 0.5 liter/min
obtained by transesophageal echocardiography. The systolic
pulmonary artery pressure was 74 mm Hg in this patient and
normal in the remaining five patients.
Shunt volume (Fig. 3 and 4). The net shunt flow volume
(Qp - Qs) by transesophageal echocardiography (range 1.9
to 18.25 liters/min. mean 8.70) correlated well (r = 0.91, P <
0.00 I) with that obtained by cardiac catheterization (range
1.7 to 17.6 liters/min. mean 7.90) in the 16 patients in whom
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Figure 3. Transesophageal Doppler color flow imaging in atrial
septal defect. Shunt flow volume (Qp - Qs) by transesophageal
echocardiography (TEE) is compared with cardiac catheterization
(CATH) results. LIM = liters per minute.
it could be calculated by both methods (Fig. 3). The net
shunt volume (Qp - Qs) by transesophageal echocardiog-
raphy and shunt flow ratio (Qp/Qsl by cardiac catheteriza-
tion also correlated well (r = 0.84. p < 0.00 I) (Fig. 4).
Size of Defect
Defect size was available from the surgical notes in 13 of
the 17 patients who had surgery (II with an ostium secun-
dum and 2 with a sinus venosus atrial septal defect). In the
remaining four patients (one with an ostium secundum and
three with an ostium primum atrial septal defect) the defect
size was not estimated by the surgeon but was characterized
as "large." Defect size in these 13 patients varied from I to
4 cm (mean 2.77) at surgery and from I to 3.4 cm (mean 1.9)
Figure 4. Transesophageal Doppler color flow imaging in atrial
septal defect. Shunt flow volume (Qp - Qs) by transesophageal
echocardiography (TEE) is compared with pulmonary to systemic
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Figure 5. Transesophageal Doppler color flow imaging in atrial
septal defect. Maximal width (in em) of the Doppler color flow jet at
the site of the atrial septal defect obtained by transesophageal
echocardiography (JET-WIDTH TEE) is compared with surgical
estimation.
by transesophageal echocardiography. The correlation coef-
ficient was 0.73 (p = 0.004) when the size at surgery was
compared with that obtained by color Doppler imaging (Fig.
5).
The si::e of the defect by Doppler color flow imaging also
correlated with cardiac catheterization-calculated shunt
flow volume (r = 0.67. P = 0.003) and the shunt flow ratio
(r = 0.71, p = 0.001). The correlation coefficient between the
defect size and shunt volume. both obtained by transesoph-
ageal echocardiography, was 0.78 (p < 0.001).
Discussion
Transthoracic echocardiography. Transthoracic echocar-
diography has been found to be a useful tool for detecting
and classifying the type and site of an atrial septal defect.
Conventional pulsed and continuous wave Doppler echocar-
diography have been used to assess the pulmonary to
systemic blood flow ratio (Qp/Qs). and the systolic pulmo-
nary artery pressure (5). The relatively recently developed
technique of Doppler color flow mapping has been shown to
be particularly valuable for the visualization of small. as well
as multiple. atrial septal defects that may not be detected by
two-dimensional echocardiography alone (6). In addition.
attempts have also been made to assess the shunt volume
across the atrial septal defect with Doppler color flow
mapping (7.8). However. transthoracic echocardiography
has considerable limitations. The image clarity is inversely
related to the acoustic impedance and. hence. is poor in
patients with a thick or deformed chest wall and chronic
obstructive pulmonary disease. The relative inaccessibility
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of the superior portion of the interatrial septum from the
transthoracic approach also limits its usefulness in the diag-
nosis of sinus venosus type of atrial septal defect. In
addition, associated findings like anomalous pulmonary
venous drainage often cannot be correctly diagnosed by
transthoracic echocardiography.
In the presence of markedly elevated right-sided pres-
sures due to either pulmonary stenosis or pulmonary hyper-
tension, adequate color flow signals are generally not seen
across the defect and at times in these patients it becomes
difficult to exclude false echo dropouts by transthoracic
examination (I). Also, septal dropouts on two-dimensional
color Doppler echocardiography can be misdiagnosed as an
atrial septal defect if the frame rate is slow because this
would cause overlapping of flow patterns in the atria in the
region ofthe septal dropout, thus creating a false impression
of flow from the left to the right atrium (I). In addition,
assessment of the width of an atrial septal defect using the
transthoracic approach may be difficult because of lateral
resolution problems resulting from the ultrasound beam
spread, which increases with distance from the transducer.
Transesophageal echocardiography. This attractive new
method is becoming increasingly popular because it obviates
the acoustic window problem. High quality images can be
obtained because of the close proximity of cardiac structures
to the esophagus and the use of a high frequency transducer.
The interatrial septum is particularly well imaged without
echo dropouts because it is oriented perpendicular to the
transthoracic ultrasound beam. Although there are few pub-
lished data on the use of transthoracic echocardiography to
assess atrial septal defect, preliminary work has shown its
usefulness in the diagnosis of this lesion. Hanrath et al. (9)
showed that transesophageal two-dimensional echocardiog-
raphy is highly successful in the diagnosis of ostium secun-
dum defect. They identified the defect correctly in all 19
patients in whom the study was successfully performed. In
their experience, the size of the atrial septal defect by
transesophageal two-dimensional echocardiography corre-
lated well (r = 0.85. n = II) with surgical estimation of
defect size. However. there are several limitations to their
study. Neither conventional Doppler nor Doppler color flow
examinations were performed and no attempt was made to
estimate the shunt volume using the transesophageal ap-
proach. Seward et al. (2) made a correct diagnosis in all four
patients with an atrial septal defect (two ostium secundum.
one sinus venosus and one ostium primum) they studied with
transesophageal two-dimensional echocardiography and
conventional Doppler and Doppler color flow studies. How-
ever, no attempt was made to measure the size of the defect
or shunt volume by transesophageal echocardiography in
any patient.
Present study. In the present study, in all 19 patients with
an atrial septal defect the condition was correctly diagnosed
and classified by transesophageal echocardiography. These
included 13 patients with an ostium secundum, 3 with an
ostium primum and 3 with a sinus venosus defect (of the
superior type in 2and of the inferior type in 1). In one of the
latter three patients transesophageal echocardiography also
demonstrated the associated anomalous right upper pulmo-
nary vein and its opening into the right atrium near the
superior vena cava-right atrial junction.
In contrast to transesophageal echocardiography. trans-
thoracic echocardiography could identify all ostium secun-
dum and all ostium primum atrial septal defects correctly but
misdiagnosed two of three sinus venosus atrial septal de-
fects. In one of these two cases, no atrial septal defect was
detected and in the other an ostium secundum defect was
diagnosed by this technique. The presence of an associated
anomalous right pulmonary vein in the latter patient could
also not be identified. Thus, overall, transesophageal echo-
cardiography was superior to transthoracic echocardiog-
raphy in the diagnosis and classification of atrial septal
defects and in the identification of the associated anomalous
pulmonary venous drainage. Unlike transthoracic echocar-
diography. transesophageal echocardiography facilitated the
examination of the entire length of the interatrial septum
including its superior portion and patients with small trans-
thoracic acoustic windows posed no problems.
Shunt Dow volume and defect size. Although preliminary
studies have been performed to establish the type of atrial
septal defect using transesophageal echocardiography. so far
no attempt has been made to quantitate the shunt volume
using this technique. In addition to detecting and classifying
the shunt. we found transesophageal Doppler color flow
mapping highly accurate in assessing the shunt volume using
cardiac catheterization as the reference standard. The shunt
volume by Doppler color flow imaging also correlated well
with the shunt flow ratio assessed by cardiac catheterization.
Although we found a fairly good correlation between the
size of the defect assessed by transesophageal echocardiog-
raphy with Doppler color flow imaging and that estimated at
surgery, there was systematic underestimation of the defect
size by Doppler color flow mapping. This may have resulted
because at the time of surgery. with the patient on cardio-
pulmonary bypass. the heart is no longer fluid filled. causing
it to lose its tone and thus the defect may appear to be larger
than in the beating heart. The size of the defect by trans-
esophageal echocardiography also correlated fairly well with
shunt volume (Qp - Qs) and shunt flow ratio (Qp/Qs) by
cardiac catheterization.
Thus. transesophageal Doppler color flow mapping is
useful in providing an estimate of the anatomic size of the
defect and the magnitude of shunting across it. Both of
these. together with the relative compliance of the ventricles
and pulmonary vascular resistance, are important determi-
nants of the pathophysiology of an atrial septal defect (3). In
addition. the exact localization of an atrial septal defect and
estimation of its size are of potential usefulness in consider-
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ation for percutaneous closure. a procedure now being
performed at a number of medical centers.
Limitations. Although transesophageal echocardiog-
raphy obviates many of the limitations of transthoracic
echocardiography. it has some shortcomings. It requires
intubation of the esophagus and. frequently. patient sedation
and is associated with a very small. but definite. risk of
complications such as esophageal perforation and bleeding.
supraventricular arrhythmias and heart block and respira-
tory problems (2). Also. swallowing the probe is unpleasant
for the patients. At present the procedure does not replace
transthoracic examination because continuous wave Dop-
pler ultrasound is not generally available for use with the
transesophageal probe. and therefore. in patients with an
atrial septal defect the systolic pulmonary artery pressure
cannot be estimated.
In addition to the previously described general limita-
tions. there are problems specific to the calculation of shunt
volume in atrial septal defect by transesophageal echocar-
diography: I) The defect is assumed to be circular. which
may not be true in all cases. 2) The pulsed Doppler sample
volume may not always have been placed parallel to the
shunt flow in the azimuthal plane. resulting in some under-
estimation of shunt volume. 3) The velocity of blood flow is
not uniform throughout the entire defect. so that the mean
velocity measured by pulsed Doppler ultrasound at one
specific area may not accurately represent the mean velocity
of the entire flow through the atrial septal defect (10). In
addition. transesophageal echocardiography and cardiac
catheterization were not performed simultaneously in our
study.
Conclusions. This preliminary study of a relatively small
number of patients has shown transesophageal echocardiog-
raphy to be highly useful in the diagnosis and classification of
atrial septal defects and in the assessment of shunt flow
volume. However. further studies with a much larger num-
ber of patients are required to determine the exact status of
this technique in the assessment of these shunts.
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